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NUCLEIC ACID-BASED POLYMERASE INHIBITOR AND 

METHOD OF USING SAME 

FIELD OF INVENTION 

[0001] The present invention relates to methods and reagents that inhibit nucleic acid 

polymerase activity. More specifically, the present invention relates to methods and nucleic 
acids that prevent non-specific nucleic acid extension or amplification by nucleic acid 
polymerases at low temperatures. 



BACKGROUND OF THE INVENTION 

[0002] The Polymerase Chain Reaction (PCR) has proven to be a versatile and powerful 

technique for amplifying nucleic acids. The PCR utilizes the ability of natural or recombinant 
DNA polymerases to reproduce a target nucleic acid to high levels. Theoretically, this procedure 
is capable of producing logarithmic reproductions, (amplification) of a single copy of DNA. 
However, the sensitivity of the PCR process is compromised by a number of factors during the 
amplification process, resulting in a significant loss of sensitivity. One of the major problems is 
the development of a non-specific product during the reaction, commonly known as "primer- 
dimers". When these products form, they result in the removal of both primers and 
deoxyribonucleoside triphosphates (dNTPs) from the reaction, thereby reducing the level of 
amplification of the desired target and concurrently reducing sensitivity of the reaction. 

[0003] In order to avoid these deficiencies, the "hot start" PCR technique was developed. 

A hot start reaction involves preventing the PCR reaction from occurring at lower, non-specific 
temperatures before temperature cycling is initiated and amplification ensues. Hot-start reaction 
techniques have been based on inactivation of the polymerase at the lower temperature, or 
alternatively withholding a critical component of the PCR reaction, such as polymerase, 
nucleoside triphosphates, or Mg 2+ . 



[0004] In the initial hot start technique the reaction mixture was heated above the 

annealing Tm of the primers prior to addition of a critical component of the reaction. However, 
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this method is cumbercome, prone to contamination and is no, amenable to high throughput 
apphca t .o„ srnce multip.e additions must be performed. It aiso invoives the use of a mureToil 
overfay stnoe addition of reagents to reaction must be performed at elevated temperatures 
Additionally, once reaotion begins dimer inhibition no longer occurs. 

[0005] A similar method to the one described above is the wax bamer method where 

mineral on . placed with a wax ma, uouefies a, high temperahrres, described in Chou « 
Nuc e.c Ae,d, ^ ,0 (7), p. m , 0992, The reaction mixture is heated and ooo,ed prior to 
addd.cn of a enfoal oomponen. of the reaction oausing the wax ,o harden forming a barrier A 
hnutrng component is added on top of the wax above reaction mix, and when temperate 
cycbng . md,a,ed, me wax melts allowing the denser a,ueous limiting reagent to su* through 
he y« wax forming complete reaction mixture and amplification enores. Unfortunately this 
techm^e requires cumbersome heating-cooling-addifion of Umiting reagent. Additionally 'wax 
must be added to each wen as a solid pefiet and thus me method is very bw throughput and 
camto, be automated Certain waxes have higher degrees of opacity so the use of fluomsccnce 
detection for real-tune PCR can be limited. 

[0006] Another hot start technique mvolves conjugatmg the polvm^ 

(Ab) or mucture of antibodies directed against the polymerase protein as described in U.S. Patent 
No. 5,338,671. The Ab inactivates the polymerase at low temperatures and when the reaction is 
heated the Ab is irreversibly inactivated due to denaturation. Ab inactivation allows polymerase 
to become active during subsequent annealing and extension steps allowing PCR to occur. This 
techmque is also subject to several limitations including the fact that the Ab is expensive and is 
specie only to a single polymerase. Thus, a new Ab must be isolated to react with each type of 
polymerase. This methodology also cannot be used with reverse transcriptase (RT) because 
elevated temperature sufficient to inactivate the Ab also inactivates the RT. 

[0007] Another method involves chemical modification of polymerase, enzyme with a 

chenucal moiety such as a cyclic anhydride that attaches to lysine as disclosed in U.S. Patent No 
6,183,998. Derealization inactivates the polymerase which when incubated at an elevated 
temperature in the presence of a temperature-sensitive buffer, such as Tris, results in a significant 
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pH decrease at 95°C. The acid conditions resulting at this elevated temperature reverse the 
chemical derivitization and activates the enzyme. The drawback of this technique includes the 
requirement of long-term incubation, generally greater than 10 minutes at denaturing 
temperature. Acid sensitive fluorophore detection chemistries can be adversely affected by the 
resulting pH changes. This methodology also cannot be used with RT because elevated 
temperature sufficient to inactivate the anhydride also inactivates RT. Moreover, reversal of 
chemical derivative is not efficient and the roll activity of enzyme is not recovered necessitating 
increasing enzyme concentrations for many applications. 

* 

[0008] One hot start method that sequesters magnesium involves the addition of 

phosphoric acid to buffer causing room temperature precipitation of magnesium ions that are 
required for PCR. See, Barnes et al, Mol Cell Prohes 16 (3), p. 167 (2002) and U.S. Patent 
No. 6,403,341. Incubation of the reaction mixture at 95°C resolubilizes the magnesium 
precipitate and magnesium ions will stay in solution at elevated reaction temperatures of PCR. 
In that method, efficient precipitation of the magnesium ion is dependent on the use of a special 
buffer. Also inhibition of PCR may not be complete because not all of the magnesium ion 
precipitates. As above, acid conditions may adversely affect sensitive fluorophores or other 
moieties such as isobases and this methodology also cannot be used with RT because elevated 
temperature sufficient to inactivate the anhydride also inactivates the RT 

[0009] Still another hot start technique is based on the use aptamers, polypeptides or 

single-stranded nucleic acids that are selected to be specific for a particular polymerase. The 
aptamer method involves selection and amplification of structured nucleic acids, using the 
SELEX technique, that specifically bind to and inhibit the polymerase. These techniques are 
described in U.S. Patent Nos. 5,693,502, 5,763,173, 5,874,557, 6,020,130, and 6,183,967 and 
Dang et ah J Mol Biol 264 (2), p. 268 (1996). Selection is done at low temperatures and 
incubation of the aptamer at elevated temperatures denatures the structural elements required for 
specific inhibition. Denatured aptamer can no longer inhibit polymerase activity allowing PCR. 
However, the aptamer is specific only to a single polymerase or closely related polymerases. 
Thus, a new aptamer is required to react with each type or family of polymerase. Also 
temperature optima of aptamers may not be easily predicted or controlled and inhibitory activity 
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of the aptamer may not be fully reversed at a given temperature necessitating precise 
optimization of aptamer/enzyme concentration and reaction conditions. 

[0010] Another technique describes reversible solid-phase attachment of polymerase 

HSA fusion protein to achieve hot start. Nilsson et al., BioTechniq nes 22, (4), p. 744 (1997). 

» 

[0011] Accordingly, there remains a need for a simplified method and reagents for 

inhibiting or preventing non-specific nucleic acid extension and/or amplification in a PCR 
reaction. 



SUMMARY OF THE INVENTION 

[0012] The present invention provides a nucleic acid based polymerase inhibitor and 

methods of using the same in nucleic acid amplification reactions. 

[0013] The present invention also provides kits for performing the present methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1 A and 1 B are hairpin decoys. Hairpin decoys are single oligonucleotides 

containing self-complementary sequences that self-hybridize to form a partial duplex with a 5' 
extension or tail and a 3' end that cannot be extended by polymerase. 

l 

[0015] FIG. 2 illustrates duplex decoys. Duplex decoys are formed by hybridizing two 

oligonucleotides containing complementary sequences to form a partial duplex with a 5' 
extension or tail and a 3' end that cannot be extended by polymerase. 

[0016] FIGS. 3 and 4 are examples of a technique to prevent further extension of the 3' 

ends of the extended primers oligonucleotides by placing a non-standard base (X) at the 5' end of 
each oligonucleotide primer and providing a triphosphate form of the orthogonal non-standard 
base (Z) to the amplification reaction. 
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[0017] FIG. 5 shows a dilution series consisting of concentrations ranging from 100,000 

to 0.1 molecules, plus a no target control was amplified in the presence of no decoy (Fig 5A), 5 
uM MM309/310 (Fig 5B), 5 uM I^M309/311 (Fig 5C), and 5 uM MM309/312 (Fig 5D). 

[0018] FIG. 6 illustrates selective inhibition of MMLV reverse transcriptase via a 

fluorescent image of the gel was obtained by scanning for 6FAM. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0019] The present invention provides a nucleic acid based polymerase inhibitor that 

inhibits the activity of a polymerase below a given temperature, generally the temperature at 
which non-specific priming and extension occurs, but allows for polymerase activity above the 
given temperature, which is generally the temperature at which a primer anneals specifically to a 
target nucleic acid. As used herein a "nucleic acid based polymerase inhibitor" or in some 
instances simply "polymerase inhibitor" describes a polymerase inhibitor at least partially 
composed of a nucleic acid. In some embodiments, particularly when the temperature of the 
reaction mixture is below the given temperature, the nucleic acid portion of the polymerase 
inhibitor is at least partially double stranded and the partially double stranded portion of the 
nucleic acid is of sufficient length to be recognized by a polymerase, at least potentially as a 
substrate for extension. The nucleic-acid based polymerase inhibitor can be composed entirely 
of, or almost entirely of nucleic acids, whereas in other embodiments the nucleic acid can be 
joined to a non-nucleic acid moiety, such as a protein, blocking group, label or the like. When 
present, the double stranded portion of the nucleic acid can result from a single oligonucleotide 
annealed with itself, such as by forming a hairpin-like or stem-loop structure, or two or more 
separate oligonucleotides annealed together. Generally, the polymerase inhibitor comprises two 
oligonucleotides because the melting behavior are more favorable and allow more rapid 
denaturation kinetics with a narrower range than a single oligonucleotide that self-anneals. Thus, 
the nucleic acid based polymerase inhibitor can be composed of two or more individual entities, 
which can both be nucleic acids or one of which can be a I i gaud, such as a protein or nucleic acid 
mimic, that binds the other portion of the nucleic acid based polymerase inhibitor. Two separate 
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oligonucleotides that form the double stranded portion of the nucleic acid can have the same or 
different sequence. Providing oligonucleotides that anneal to themselves or other 
oligonucleotides can be achieved through various means known in the art, including providing 
portions of the nucleic acid that are complementary to each other or providing a palindromic 
sequence within the nucleic acid. In some of these embodiments, the nucleic acid base 
polymerase inhibitor can have an extended 5* tail and a free 3' end. The preferred range of length 
is 7-16 bp 5 1 tail and duplex regions from 5 to 16 bp were tested with 10 or greater seeming to 
work the best. 

[0020] In some embodiments, the nucleic acid based polymerase inhibitor or a portion 

thereof can double as the primer for the target nucleic acid in the PCR reaction, provided that the 
double stranded portion of the nucleic acid based inhibitor is sufficiently long to be recognized 
by the polymerase enzyme as a substrate for extension. Without limiting the scope of the 
invention, generally the double stranded portion of the nucleic acid based polymerase inhibitor 
will be at least 10 base pairs long, although shorter double stranded segments are permissible as 
long as they are recognized by the polymerase as substrates for extension. In other 
embodiments, the nucleic acid portion of the polymerase inhibitor does not act as a primer for 
the target nucleic acid in the PCR reaction. Similarly, the nucleic acid based polymerase 
inhibitor does not generally form part of the target nucleic acid. In the case where a portion of 
the nucleic acid based polymerase inhibitor also acts as primer for the target nucleic acid, the 
polymerase inhibitor should not be a single oligonucleotide that anneals to itself forming only a 
short double-stranded portion that is not recognized as a substrate for extension and only serves 
to fold the primer into a conformation that will not anneal to the target nucleic acid until the 
double-stranded portion of the nucleic acid is melted, such as a double-stranded portion only 5 or 
6 base pairs in length. 

[0021] Generally, the present polymerase inhibitors, and in particular those formed by 

self-annealing of a single stranded nucleic acid, are also not specific for a particular polymerase, 
a family of related polymerases, or polymerases that share a high degree of similarity or 
sequence homology. One skilled in the art will be available to identify polymerase enzymes that 
fall within a family of related polymerases using known guidelines, such as the organism from 

* 
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which the polymerase is obtained and its phylogenetic classification, sequence similarity and 
identity, etc. As a non-limiting example, polymerase enzymes obtained from the Thermus family 
(such as Tbr polymerase from Thermus brockianus, Tfl polymerase from Thermus flavus, Tma 
polymerase from Thermotoga maritima and Tth polymerase from Thermococcus thermophilus) 
are generally considered to be related due to their sequence homology. The Tth polymerase and 
Taq polymerase are reported to be 93% similar and 88% identical at the amino acid sequence 
level (Abramson (1995) in PCR Strategies (Academic Press, New York). Tfl polymerase is 
reported to be 93% similar and 86% identical to Taq polymerase at the amino acid level (U.S. 
Patent No. 6,183,967). In contrast Tma polymerase from Thermotoga maritima and Tli 
polymerase from Thermococcus litoralis are usuaUy not considered to be closely related to 
polymerase from the Thermus family. Tli polymerase shares little sequence homology with 
eubacterial enzymes (Ito and Braithwaite (1991) Nucleic Acids Res. 19:4045). Tma polmerase 
is reported to be 61% similar and 44% identical to Taq polymerase at the amino acid level 
(Abramson (1995) in PCR Strategies (Academic Press, New York). Another measure of 
relatedness between polymerase enzymes can be found in U.S. Patent Nos. 5,693,502, 5,763,173, 
5,874,557, 6,020,130, and 6,183,967 which measures relatedness of polymerase enzymes by 
their inhibition resulting from families of specific aptamers. 

[0022] In further embodiments, the present polymerase inhibitors and methods may be 

designed to persist at low concentrations even during the higher, more target nucleic acid 
specific temperatures achieved during the reaction, thus continuing to compete with non-specific 
interactions and extension throughout the amplification without blocking PCR. In this 
embodiment, as well as others, the methods described herein can use one or more polymerase 
inhibitors, such as 2, 3, 4, 5, 6, 7, 8, 9 or 10, that have different Tm characteristics, providing for 
precise control and inhibition of non-specific interactions at multiple temperatures. The 
concentrations of the different polymerase inhibitors can be varied as desired and generally at 
lower temperatures more polymerase inhibitors will be present in the reaction mixture whereas at 
higher temperatures fewer polymerase inhibitors will be present to compete with target nucleic 
acid extension. 
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[0023] The present invention also provides methods of performing nucleic acid 

amplification reaction that involve adding the nucleic acid based polymerase inhibitor to a 
reaction mixture that is to undergo a nucleic acid amplification reaction. The reaction mixture 
can contain all, or only some, of the components necessary to perform the nucleic acid 
amplification. Generally, the components required for the nucleic acid amplification include 
buffer, magnesium ion, nucleotides that can be incorporated onto a nucleic acid, such as 
deoxynucleotides, polymerase enzyme and one or more primers. One skilled in the art will 
recognize that a successful PCR reaction will not occur in the absence of a target nucleic acid 
although the presence of a target nucleic acid is not required to perform the present methods. 
Any components required for the amplification reaction that are not present when the polymerase 
inhibitor is present can be subsequently added to the reaction mixture. In some embodiments, 
the nucleic acid based polymerase inhibitor is present in an amount sufficient to inhibit 
substantially all of the polymerase to be used in the reaction mixture. The optimal concentration 
of nucleic acid based polymerase inhibitor can be easily determined by one skilled in the art. In 
some embodiments, the polymerase inhibitor is present at a ratio of 1 x 10E-12 mol decoy per 
unit of polymerase to 1 x 10E-10 mol decoy per unit of polymerase where a unit is defined to be 
the amount of enzyme that will incorporate 10E-8 mol of dNTPs into acid insoluble material per 
30 minutes at reaction temperature. 

[0024] The methods described herein can further involve performing the nucleic acid 

amplification reaction on the reaction mixture that is capable of undergoing nucleic acid 
amplification when one or more target nucleic acids are present and that contains the nucleic acid 
based polymerase inhibitor. In some of the present methods, the nucleic acid amplification can 
be set up to achieve linear amounts of amplification, as discussed in Stump et al, Nucleic Acids 

t 

Res 27 ( 23 )> P- 4642 (1999), or exponential growth of amplification. Additionally, in other 
methods, the nucleic acid amplification is not a hairpin extension assay as disclosed in Kainz et 
al., BioTechniques 28, p, 278 (2000). The target nucleic acid can be provided or isolated from a 
sample having or suspected of having a specific nucleic acid sequence. After the nucleic acid 
amplification is performed, the presence or absence of the target nucleic acid can be determined 
or its amount measured. In order to facilitate detection or quantitation of the nucleic acid 
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products, one or more of the primers used in the amplification reaction can be labeled. Similarly, 
the efficiency of any nucleic acid amplification can also be measured an/or compared against a 
control reaction that has the same component as the nucleic acid amplification reaction except 
for the polymerase inhibitor. In this manner, the effectiveness of the different nucleic acid based 
polymerase inhibitors can be measured. 

[0025] In performing the amplification reaction, it is believed that the double stranded 

portion of the nucleic acid based inhibitor is recognized by the polymerase as a suitable substrate 
or template for nucleic acid extension, and thus the polymerase will bind to the double-stranded 
portion of the nucleic acid based polymerase inhibitor. As the polymerase binds to the double 
stranded portion of the polymerase inhibitor, the polymerase inhibitor should generally be 
incapable of being extended by the polymerase so as to prevent non-specific extension. The 
manner of preventing the polymerase from extending the polymerase inhibitor is not particularly 
limited and can be achieved by several techniques, which include having isobases in a 5 4 
extension of the nucleic acid, or chemically modifying or capping the 3' end of the nucleic acid, 
such as by using a non-extendable nucleotide or blocking moiety Exemplary blocking groups 
are biotin, di-deoxynucleotide triphosphates ("ddNTPs"), also referred to as chain terminating 
ddNTPs, and ethylene glycol linkers on the 3' OH. In other methods, the oligonucleotide that is 
made non-extendable by adding bases to the 3* end that are not complementary to the target 
sequence and therefore do not base-pair and cannot be enzymatically extended. 

[0026] Generally, the present polymerase inhibitors will not be a nucleic acid where the 

5-terminal base of the nucleic acid pairs with the 3'-terminal base of a complementary nucleic 
acid, such as where two nucleic acids are complementary to one another or a single nucleic acid 
has self-complementary sequences at the 3' and 5' ends. Examples of such nucleic acids are 
found in Kainz et aL, BioTechniques 28, p. 278 (2000) and U.S. Patent No. 5,565,340, 
respectively. 

[0027] Alternatively, the 3' end of the nucleic acid may be capped using non-standard 

bases such as, but not limited to, AEGIS™ bases. Various amplification systems, for example 
but not limited to PCR, TMA, SDA, NASBA, depend in part upon the ability of a nucleic acid 
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polymerase to extend off the 3' hydroxyl of an oligonucleotide primer. Specificity of these 
reactions depends in part on the careful design of these oligonucleotide primers. One important 
factor in the design of these amplification systems is the extension of 3' hydroxyl of the 
oligonucleotides to create new 3' sequences. These sequences may be predicted as is the case in 
an intended amplification product (Fig. 3) or unintended (Fig. 4). Figures 3 and 4 are examples 
of a technique to prevent further extension of the 3* ends of the extended primers 
oligonucleotides by placing a non-standard base (X) at the 5' end of each oligonucleotide primer 
and providing a triphosphate form of the orthogonal non-standard base (2) to the amplification 
reaction. The installation of the Z nucleoside at the 3' position of the oligonucleotide extension 
product is intended to render that nucleotide sequence resistant to further extension under the 
conditions of the amplification reaction. The Z nucleoside may be selected from, but not limited 
to K, X, isoG, or isoC. The Z nucleoside may be, but not limited to, the ribo, deoxy, dideoxy, or 
acyclo form of the nucleoside. 

[0028] Because the polymerase does not extend the polymerase inhibitor, the polymerase 

becomes bound to, and sequestered or trapped by, the polymerase inhibitor. Upon the heating 
that occurs in the normal PCR reaction, the temperature of the reaction mixture will rise above 
the melting temperature (Tm) of the double stranded portion of the nucleic acid based 
polymerase inhibitor. This temperature rise results in denaturation of the double stranded portion 
of the polymerase inhibitor and release of the polymerase enzyme. After the polymerase enzyme 
is released, it can then perform its normal function in the polymerase reaction of extending any 
primed target nucleic acid sequences present. Preventing or inhibiting non-specific nucleic acid 
extension and mis-priming via the present methods allows more efficient amplification of any 
target nucleic acid present resulting in a higher fidelity reaction. Thus, the present methods 
provide higher sensitivity and consistently higher results than regular PCR techniques. 

[0029] When the temperature of the PCR mixture returns to at or below the Tm of the 

nucleic acid based polymerase inhibitor, the nucleic acid portion at least partially reanneals 
forming the double stranded structure that sequesters the polymerase enzyme. Thus, the nucleic 
acid based polymerase inhibitor can be reversible depending upon the temperature of the reaction 
mixture. This is advantageous because non-specific priming and extension is prevented not only 
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prior to the first nucleic acid extension or amplification, as is the case with many hot-start PCR 
techniques, but also during the period between the cycles of specific target dependent extension. 
In this manner, the nucleic acid based polymerase inhibitor acts as a decoy or reversible sink for 
the polymerase enzyme. As such, the sequence of the nucleic acid portion of the polymerase 
inhibitor is not particularly limited, Le. inhibition is not sequence specific, as long as it has the 
desired Tm characteristics. 

[0030] The Tm of the double stranded portion of the nucleic acid based polymerase 

inhibitor can be designed, modified or calculated by one skilled in the art using known 
techniques. Preferably, the Tm of the double stranded portion of the polymerase inhibitor will be 
about the temperature at which specific priming of the target nucleic acid and extension thereof 
by the polymerase predominates over non-specific priming and extension Generally, this 
temperature will be in the range from about 25C to 80C depending on the desired decoy 
characteristics. Parameters affecting Tm include primer length, concentration of primers in the 
reaction, relative G/C content, uniqueness, self-complementarity, complementarity with other 
primers, sequence composition, and 3' end sequence of the primer. The longer the primer and 
higher G/C percentage, the higher the denaturation and annealing temperature. The temperature 
at which the primers and template nucleic acid denature and anneal can also be affected by 
stringency of the reaction mixture which includes pH, concentration of monovalent cations, 
divalent cations and presence of organic solvents. 

[0031] Variables affecting stringency include, for example, temperature, salt 

concentration, probe/sample homology, nucleic acid length and wash conditions. Stringency is 
increased with a rise in hybridization temperature, all else being equal. Increased stringency 
provides reduced non-specific hybridization. Le., less background noise. "High stringency 
conditions" and "moderate stringency conditions" for nucleic acid hybridizations are explained 
in Ausubel et al., Cur Prot Mol Biol , 1998, Green Publishing Associates and Wiley Interscience, 
NY. Of course, the artisan will appreciate that the stringency of the hybridization conditions can 
be varied as desired, in order to include or exclude varying degrees of complementation between 
nucleic acid strands, in order to achieve the required scope of detection. Likewise the protein 
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and nucleic acid can be interacted under varying conditions which either enhance or interfere 
with protein-nucleic acid interactions. 

[0032] Unlike other methods, the present polymerase inhibitors do not require or rely on 

degradation of the nucleic acid base polymerase inhibitor, for example at the 3' end, so that the 
polymerase inhibitor can then act as a primer. Examples of such methods are disclosed in U.S. 
Patent Nos. 6,482,590 and 6,274,353. In some embodiments, the polymerase has higher affinity 
for the nucleic acid based polymerase inhibitor than other non-specific substrates, such as 
primer-dimers. 

[0033] The polymerase used in the present methods and kits is not particularly limited, 

and any suitable polymerase can be used. For example, the polymerases are thermally stable 
DNA polymerases. Some examples of thermally stable DNA polymerases include, but are not 
limited to, Thermus aquaticus DNA polymerase, N-terminal deletions of Taq DNA polymerase 
such as Stoffel fragment DNA polymerase, KIentaq235, and Klentaq-278 ; Thermus 
themtophilus DNA polymerase; Bacillus caldotenax DNA polymerase; Thermus flavus DNA 
polymerase; Bacillus stearothermophilus DNA polymerase; and archaebacterial DNA 
polymerases such as Thermococcus litoralis DNA polymerase (also referred to as Vent), Pfu, 
Pfx, Pwo, and Deep Vent or a mixture of DNA polymerases. The present invention can also 
utilize various reverse transcriptases when the nucleic acid based polymerase inhibitor is 
recognized by the reverse transcriptase. Some examples of reverse transcriptases include but are 
not limited to those from avian myeloblastosis virus (AMV), moloney murine lukemia virus (M- 
MLV), modified M-MLV reverse transcriptase, and human immunodeficiency virus (HIV). 
Polymerase inhibitors recognizable by reverse transcriptases can include either deoxy- 
ribonucleic acids, ribonucleic acids or more stable mimics of ribonucleic acids such as 2'-0- 
methyl nucleotides or mixtures thereof. Those inhibitors derived from ribonucleotides, 
ribonucleotide derivatives or mixtures of ribonucleotides and deoxynucleottdes are expected to 
be reverse transcriptase or RNA-dependent DNA polymerase specific. Inhibitors comprised 
entirely of deoxynucleotides will inhibit both DNA polymerases and reverse transcriptases. 
Inhibitors derived solely from ribonucleotides and ribonucleotide derivatives should inhibit 
RNA-dependent RNA polymerase as well as reverse transcriptases. Preferred polymerases have 

# 
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low error rates. As polymerases are known to have different enzymatic activities other than 
catalyzing nucleic acid synthesis, such as exonuclease activity, the present polymerase inhibitors 
are directed to the polymerase activity of the polymerase. Additionally, the nucleic acid portions 
of the polymerase inhibitor are resistant to degradation, such as through exonuclease activity. 

[0034] As used herein "nucleic acid" means either DNA, RNA, single-stranded or 

double-stranded and any chemical modifications thereof. Modifications include, but are not 
limited to, those which provide other chemical groups that incorporate additional charge, 
polarizability, hydrogen bonding, electrostatic interaction, and fluxionality to the nucleic acid 
ligand bases or to the nucleic acid ligand as a whole. Such modifications include, but are not 
limited to, 2 '-position sugar modifications, 5-position pyrimidine modifications, 8-position 
purine modifications, modifications at exocyclic amines, substitution of 4-thiouridine, 
substitution of 5-bromo or 5-iodo-uracil, backbone modifications, methylations, unusual base- 
pairing combinations such as the isobases. Accordingly, the nucleic acids described herein 
include not only the standard bases adenine (A), cytosine (C), guanine (G), thymine (T) and 
uracil (U) but also non-standard (AEGIS™) bases. Non-standard bases, which form hydrogen- 
bonding base pairs, are described, for example, in U.S. Patents Nos. 5,432,272, 5,965,364, 
6,001,983, 6,037,120, and 6,140,496, all of which are incorporated herein by reference. By 
"non-standard base" it is meant a base other than A, G, C, T, or U that is susceptible of 
incorporation into an oligonucleotide and which is capable of base-pairing by hydrogen bonding, 
or by hydrophobic, entropic, or van der Waals interactions to form base pairs with a 
complementary base. Specific examples of these bases include the following bases in base pair 
combinations (iso-C/iso-G, K/X, H/J, and M/N): 
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H M 

where A is the point of attachment to the sugar or other portion of the polymeric backbone and R 
is H or a substituted or unsubstituted alkyl group. It will be recognized that other non-standard 
bases utilizing hydrogen bonding can be prepared, as well as modifications of the above- 
identified non-standard bases by incorporation of functional groups at the non-hydrogen bonding 
atoms of the bases. To designate these non-standard bases in Figures 3 to 9, the following 
symbols will be used: X indicates iso-C and Y indicates iso-G. 

[0035] The hydrogen bonding of these non-standard base pairs is similar to those of the 

natural bases where two or three hydrogen bonds are formed between hydrogen bond acceptors 
and hydrogen bond donors of the pairing non-standard bases. One of the differences between the' 
natural bases and these non-standard bases is the number and position of hydrogen bond 
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acceptors and hydrogen bond donors. For example, cytosine can be considered a 
donor/acceptor/acceptor base with guanine being the complementary acceptor/donor/donor base. 
Iso-C is an acceptor/acceptor/donor base and iso-G is the complementary donor/donor/acceptor 
base, as illustrated in U.S. Patent No. 6,037, 1 20, incorporated herein by reference. 

[0036] Other non-standard bases for use in oligonucleotides include, for example, naphthalene, 
phenanthrene, and pyrene derivatives as discussed, for example, in Ren et aL, J. Am. Chem. Sac. 
118, 1671 (1996) and McMinn et aL, J. Am. Chem. Soc. 121, 11585 (1999), both of which are 
incorporated herein by reference. These bases do not utilize hydrogen bonding for stabilization, 
but instead rely on hydrophobic, entropic, or van der Waals interactions to form base pairs. 

[0037] The present nucleic acids can also utilize V O-methyl nucleotides which mimic 

RNA providing polymerase inhibitors specific for reverse transcriptase enzymes. 

[0038] As used herein, the term "target" DNA or nucleic acid refers to that 

polynucleotide material to be amplified in the DNA or nucleic acid sample. The term "non- 
target" refers to that polynucleotide material for which amplification is not desired. A DNA 
fragment in a sample is either a "target" or a "non-target" DNA. As used herein, the term 
"primer" has the conventional meaning associated with it in standard PCR procedures, Le., an 
oligonucleotide that can hybridize to a polynucleotide template and act as a point of initiation for 
the synthesis of a primer extension product that is complementary to the template strand. 

[0039] Any or all of the oligonucleotides described herein can be labeled, and for many 

purposes, it is desirable that at least one of the oligonucleotides be labeled. Additionally, the 
dNTPs can be labeled. Beneficially, when an oligonucleotide is labeled, the label can be 
conjugated to the 3' thereof such that elongation from the V end thereof is not possible. 
Exemplary labeling protocols are well known; see, e.g., European Patent Appln. 292128. 

[0040] The labels can facilitate either the direct, proximal or indirect detection and/or 

capture of the amplified product. Additionally, two of the moieties can be part of a unitary 
structure such that only two oligonucleotide moieties are utilized in the amplification reaction. 
As used herein, a label that is directly detectable produces a signal which is capable of detection 
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either directly or through its interaction with a substance such as a substrate (in the case of an 
enzyme), a light source (in the case of a fluorescent compound) or a photomultiplier tube (in the 
case of a radioactive or chemiiuminescent compound). 

■ 

[0041] Examples of preferred direct labels include radioisotopic labels, e.g., the use of 

oligonucleotides which have incorporated 32P, 35S, 1251, 3H, 14C. One approach for direct 
labeling of oligonucleotides is the end-labeling approach whereby T4 polynucleotide kinase is 
used to introduce a label into the 5' terminus of the oligonucleotide (See, e.g., Richardson, C. C, 
The Enzymes, Vol XIV, Nucleic Acids Part A, Ed. Boyer, P. D., Acad. Press, p. 299 (1981)). 
Alternatively, terminal deoxynucleotidyl transferase can be utilized to add a series of supplied 
deoxynucleotides onto the 3' terminus of the oligonucleotide; single nucleotide labeling methods 
can also be used (See, e.g. Bollum, F. J, The Enzvmes. Vol. X . Ed. Boyer, P. A Acad. Press, 
(1974); Yousaf, S. I. et al., Gene 27 , p. 309 (1984); and Wahl, G. M. et al Proc Natl Acad gcj 
(U.S.A,) 76, pp. 3683-3687 (1979). Labeled ddNTPs, e.g., - 32P ddATP, can also be utihzed. 

[0042] A label that is indirectly detectable does not in and of itself provide a detectable 

signal; it can, however, be used to identify an oligonucleotide to which the indirectly detectable 
label is attached. For example, an indirect label can be used in conjunction with another label to 
produce or quench a detectable signal (i.e., an indirect label can be a quencher of a quencher-dye 
pair). Preferably, the quencher-dye pair is comprised of a fluorophore and a quencher. Suitable 
fluorophores include, for example, fluorescein, cascade blue, hexachloro-fluorescein, 
tetrachloro-fluorcscein, TAMRA, ROX, Cy3, Cy3.5, Cy5, Cy5.5, 4,4-difluoro-5,7-diphenyl-4- 
bora-3a,4a-diaza-s-indacene-3-propionic acid, 4,4-difluoro-5,p-methoxyphenyl-4-bora-3a,4a- 
diaza-s-indacene-3-propionic acid, 4,4-difluoro-5-styryU4-bora»3a,4-adia2a-S-indacene- 
propionic acid, 6-carboxy-X-rhodamine, N^^^N-tetramethyl-e-carboxyrhodaniine, Texas 
Red, Eosin, fluorescein, 4,4-difluoro-5,7-diphenyI-4-bora-3a,4a-dia2a-s-indacene-3-propionic 
acid, 4,4-difluoro-5,p-ethoxyphenyl-4-.bora-3a,4a-dia2a-s-indacene 3-propionic acid and 4,4- 
difluoro-5-styryl-4-bora-3a,4a-diaza-S-indacene-propionic acid. Suitable quenchers include, for 
example, Dabcyl, QSY7~ (Molecular Probes, Eugene, OR) and the like. In addition, dyes can 
also be used as a quencher if they absorb the emitted light of another dye. 



• 
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dNTP or ddNTP comprise further examples of indirectly detectable labels. Preferred non- 

radtoaCvo direct labels include fluomscein-1 1-dUTP (see Simmonds, A. C. « al OiojaenOZ 
PP. 1527-1528 (1991), incorporated herein by reference) and digoxigenin-U dUTP (see 
Muhlegger, YLetal. WwW & 8. Pp. 1161-H63 0989), inched herein by 

reference) can be utilized as labeb. Additionally, non-mruoactively labeled oligonucleotides 
such as hapten labe!ed oligonucleotides may be used (See, , g ., Adams, C. W„ PCT Pateni 
Appln. WO 9./W29). A detection scheme involving such hapten-labeU includes utilization of 
antibodies to the hapten, the antibodies being bbeled. Biotin is an especially preferred indirect 
labe,, whereby the detection of biotinytated nucleic acid molecules is accomplished using labeled 
or utilized avidin, streptavidin, an.i-bio.in antibodies, e.c, Bio.inyla,ed molecu,es can also 
be read.ly separated from no„-bio,iny,a,ed molecules by contacting me molecu.es with insohrMe 
or immobilized avidin. 

[0044] J„ thi s regard, fcr example, biotin-U-dUTP can be utilized in lieu of dTTP or 

biotin .4 dATP in lien of DATP (See generaUy, Langer, P. R, a 

OiSAUS, PP. 6633-6637 (1981), which is inco.pora.ed herein by reference). Biotinylated 
phosphoramidi.es can also be used (Misiura, K. e, al. Nucl Aciris Rm i» pp . 4345-1354 (1990) 
whtch is incorporated herein by reference). Such phoaphor.midi.es allows for precise' 
mcorporation thereof a. desired locations along me growing oligom.oleo.ide moiety dming the 
synthesis thereof. 

[0045] Chemiluminescent substrates can also be used as the indirect label. Enzymes 

such as horseradish peroxidase ("HRP"), alkaline phosphatase («AP»), etc. which can be directly 
cross-hnked to nucleic acids may be employed (see, Renz, M. and Kurz, Q^cU^sR^U 
PP. 3435-3444 (1964), incorporated herein by reference). Luminal, a substrate for HRP and' 
subshtuted dioxetanes, substrates for AP, can be utilized as chemiluminescent substrates 
xemplary of the HRP labeling protocol is the ECL system available from Amersham (Arlington 
Heights, 111., USA). S 
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[0046] In lieu of direct or indirect labels, a proximity label may be employed. Such a 

label is a chemical moiety which produces a signal only in the presence of a second label which 
interacts with it. Typically, a first proximity label is used in combination with a corresponding 
second proximity label. 

[0047] It will be understood to those skilled in the art that the present methods readily 

lends themselves to automation. 

[0048] The present oligonucleotides and methods can be carried out by made or 

performing any of the characteristics described herein, either alone or in various combination. 
Additionally, one skilled in the art will realize that the present invention also encompasses 
variations of the present oligonucleotides and methods that specifically exclude one or more of 
the characteristics described above. 

[0049] The present invention also provides kits for carrying out the methods described 

herein. In one embodiment, the kit is made up of instructions for carrying out any of the 
methods described herein. The instructions can be provided in any intelligible form through a 
tangible medium, such as printed on paper, computer readable media, or the like. The present 
kits can also include one or more reagents, buffers, hybridization media, nucleic acids based 
polymerase inhibitors, nucleic acids, primers, nucleotides, molecular weight markers, enzymes, 
solid supports, databases, computer programs and/or disposable lab equipment, such as multi- 
well plates, in order to readily facilitate implementation of the present methods. Enzymes that 
can be included in the present kits include DNA polymerases, and the like. Solid supports can 
include beads and the like whereas molecular weight markers can include conjugatable markers, 
for example biotin and streptavidin or the like. The kit components can be packaged in the same 
or separate containers as desired. Examples of preferred kit components can be found in the 
description above and in the following examples. 



18 



Attorney Docket No. ERA-PAT019 

EXAMPLES 
EXAMPLE 1 

[0050] Demonstration of decoy effects on primer dimer formation in real time PCR. 

Reactions were set-up as follows: 1 ul lOx PCR buffer (100 mM BTP pH9. 1, 400 mM KAc, 20 
mM MgC12, 1 mg/ml BSA), 100 uM each dATP, dTTP, dCTP, dGTP (Promega), 3 uM dabcyt 
iGTP (EraGen Biosciences), 200 nM forward PCR primer CL025(5' FAM- 
TXGATAGCAACAATTCATCTACAGA), 200 nM reverse PCR primer CL026 (5' 
ATGGGTAGTGAATGATCTTGTTTC), 1 U KlenTaq (Ab peptides) and 5 ul synthetic DNA 
target CL021 (5 'TC AGAT AGCAAC AATTC ATCTAC AGACCC AATT AGC AGT 
GGAGAAACAAGATCATTCACTACCCATTTCTTAACTTATCCCAAGATAGGACT 
TCTGTACA). A dilution series consisting of concentrations ranging from 100,000 to 6. 1 
molecules, plus a no target control was amplified in the presence of no decoy (Fig 5 A), 5 uM 
MM309/310 (Fig 5B), 5 uM MM309/311 (Fig 5C)„ and 5 uM MM309/312 (Fig 5D). The PCR 
thermocycling was performed in an iCycler (Bio-Rad) with the following cycling conditions: 2 
minute 94° denature, PCR 60 rounds: 1 sec 94°, 1 sec 58°; 20 sec 72° with optical reading. After 
PCR cycling a melt analysis was performed. The samples were heated from 60° to 95° with 
optical reads at every 0.5° increment. 

5' GCTGTCTGGTCCGTTATTATAC-P04 MM309 

3' ddCCAATAATATG MM310 Tm=24 . 3° 

3* ddCAGGCAATAATATG MM3 1 1 . Tm=4 0 . 5° 

3' ddCCAGGCAA.TAA.TATG MM312 Tm=45° 
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EXAMPLE 2 



[0051] 



Selective inhibition of MMLV reverse transcriptase. 




CL001 

CL002 GCTGTCTGGTCCGAA ACG A.TCGGG ATTTTTT TTT A A A ATmrn ATCOTTTCdd 

(UNDERLINED BASES ARE 2'O-methyl) 

DM436 FAM-TXAGAGTCTGGTGCCGACTCGACGTTTTCGTCGAGTCG 

[0052] Reactions 1 - 7 all contained the following: 10 mM Bis-Tris-Propane pH 9.1, 40 

mM KCl, 2 mM MgC12, 0.1 mg/ml BSA 5 mM DTT, 100 uM dGTP, 100 uM dATP, 100 uM 
dTTP, 100 uM dCTP, 200 nM DM436. Individual component in reactions 1 - 7 were prepared as 
indicated in the table below. 



Reaction 




7 



KlenTaq 



1 unit 



1 unit 



(-) 



(-) 



(-) 



MMLV 



(-) 



(-) 



5 units 



5 units 



5 units 



Decoy (1 uM) 



CL001 



CL002 



(-) 



CL001 



CL002 



[0053] These reactions were incubated at 40C for 10 minutes, then stopped by the 

addition of 10 uJ formamide to each tube. The resulting mixtures were incubated at 95C for 2 
minutes prior to subjecting 5 ul of each of these samples to denaturing PAGE (8% 
polyacrylamide, 7M urea, 40% formamide, 0.5X TBE). Fig. 6 shows a fluorescent image of the 
gel was obtained by scanning for 6FAM using a Typhoon™ fluorescence scanner (Molecular 
Dynamics, Sunnyvale, CA). 
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[0054] As will be understood by one skilled in the art, for any and all purposes, 

particularly in terms of providing a written description, all ranges disclosed herein also 
encompass any and all possible subranges and combinations of subranges thereof. Any listed 
range can be easily recognized as sufficiently describing and enabling the same range being 
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting 
example, each range discussed herein can be readily broken down into a lower third, middle third 
and upper third, etc. As will also be understood by one skilled in the art all language such as "up 
to," "at least," "greater than," "less than," "more than" and the like include the number recited 
and refer to ranges which can be subsequently broken down into subranges as discussed above. 
In the same manner, all ratios disclosed herein also include all subratios falling within the 
broader ratio. 

■ 

[0055] One skilled in the art will also readily recognize that where members are grouped 

together in a common manner, such as in a Markush group, the present invention encompasses 
not only the entire group listed as a whole, but each member of the group individually and all 
possible subgroups of the main group. Accordingly, for all purposes, the present invention 
encompasses not only the main group or genus, but also the main group or genus absent one or 
more of the group members or species. The present invention also envisages the explicit 
exclusion of one or more of any of the group members or species from the main group or genus 
in the claimed invention. 

[0056] All references disclosed herein are specifically incorporated by reference thereto. 

[0057] While preferred embodiments have been illustrated and described, it should be ' 

understood that changes and modifications can be made therein in accordance with ordinary skill 
in the art without departing from the invention in its broader aspects as defined herein. 
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NUCLEIC ACID-BASED POLYMERASE INHIBITOR AND 

METHOD OF USING SAME 

ABSTRACT OF THE INVENTION 

[0058] The present invention provides nucleic acid based polymerase inhibitors and 

methods for reducing non-specific polymerase extension and amplification in nucleic acid 
amplification reactions. The polymerase inhibitors provide a double stranded nucleic acid 
portion that is recognized by a polymerase enzyme as a template for extension but is incapable of 
being extended by the polymerase enzyme. The polymerase binds to the polymerase inhibitor 
which sequesters the enzyme until the temperature achieves a level that denatures the double 
stranded portion of the inhibitor after which the polymerase is released and can then catalyze 
nucleic acid extension/ 
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CLAIMS 

1 . A polymerase inhibitor comprising a nucleic acid sequence at least a 
portion of which is double-stranded at or below the melting temperature of the nucleic acid 
sequence, wherein the double-stranded portion of the nucleic acid sequence is of sufficient length 
to be recognized by a polymerase as a template for extension except that the nucleic acid 
sequence is substantially incapable of being extended by the polymerase and further wherein at 
least one 3' terminal nucleic acid of the nucleic acid does not pair with at least one terminal 5 1 
nucleic acid of the nucleic acid when the nucleic acid is double-stranded. 

2. The polymerase inhibitor of claim 1 wherein the polymerase inhibitor is 
not specific for a nucleic acid polymerase or family of polymerases related to the nucleic acid 
polymerase. 

3. The polymerase inhibitor of claim 1 or 2 wherein the inhibitory activity of 

■ 

the polymerase inhibitor is not sequence specific; 

* 

4. The polymerase inhibitor of any one of claims 1-3 wherein the nucleic 
acid sequence of the polymerase inhibitor does not act as a primer for an intended target nucleic 
acid. 

5. The polymerase inhibitor of any one of claims 1-4 wherein the nucleic 
acid sequence of the polymerase inhibitor does not form part of the nucleic acid that includes an 
intended target nucleic acid sequence. 

6. The polymerase inhibitor of any one of claims 1-5 wherein the polymerase 
inhibitor consists essentially of a nucleic acid sequence. 
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7. The polymerase inhibitor of any one of claims 1-6 wherein at least the 5' 
terminal nucleic acid of the nucleic acid sequence is single stranded when the nucleic acid is at 
or below the melting temperature of the nucleic acid sequence. 

8. The polymerase inhibitor of any one of claims 1-7 wherein the 3' terminal 
nucleic acid of the nucleic acid sequence comprises a blocking moiety that prevents extension of 
the 3' terminal nucleic acid by the polymerase. 

9. The polymerase inhibitor of any one of claims 1 -8 wherein the portion of 
the nucleic acid that is double-stranded at or below the melting temperature of the nucleic acid is 
formed by a single nucleic acid sequence that is capable of annealing to itself. 

10. The polymerase inhibitor of any one of claims 1-8 wherein the portion of 
the nucleic acid that is double-stranded at or below the melting temperature of the nucleic acid is 

4 

* 

formed by two separate nucleic acid sequences that at least partially anneal to one another, (as 
used herein separate nucleic acid sequences means that the nucleic acid sequences are not part of 
an unbroken, continuous sequence of nucleic acids. For example separate nucleic acids can 
include distinct nucleic acids that are not physically joined together or two nucleic acid 
sequences that are part of the same physical entity as long as the nucleic acid sequences are 
separated by a non-nucleic acid spacer or linking group) 

11. The polymerase inhibitor of any one of claims 1-10 wherein at least the 3' 
terminal nucleic acid of the nucleic acid sequence is single stranded when the nucleic acid is at 
or below the melting temperature of the nucleic acid sequence. 

12. The polymerase inhibitor of any one of claims 1-1 1 wherein the nucleic 
acid portion of the polymerase inhibitor comprises DNA or a DNA mimetic. 
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13. The polymerase inhibitor of any one of claims 1-11 wherein the nucleic 
acid comprises RNA or an RNA mimetic. 

14. The polymerase inhibitor of any one of claims 1-13 wherein the nucleic 
acid portion of the polymerase inhibitor is resistant to exonuclease degradation. 

15. The polymerase inhibitor of any one of claims 1 -14 wherein the melting 
temperature of the double stranded portion of the nucleic acid portion of the polymerase inhibitor 
is in the range of about 25 °C to 80 °C. 

1 6. The polymerase inhibitor of any one of claims 1-15 wherein the double 
stranded portion of the nucleic acid portion of the polymerase inhibitor is at least 10 bases in 
length. 

17. A method for inhibiting a nucleic acid polymerase, comprising adding the 
polymerase inhibitor of any one of claims 1-16 to a nucleic acid to a reaction mixture that is to 
undergo a nucleic acid amplification reaction. 

18. The method of claim 17 further comprising one or more additional 
polymerase inhibitors whose nucleic acid portions have different melting temperatures. 

19. The method of claim 17 or 18 farther comprising performing the nucleic 
acid amplification reaction on the reaction mixture, wherein the reaction mixture is capable of 
undergoing nucleic acid amplification when one or more target nucleic acids are present. 

20. The method of claim 19 wherein the polymerase inhibitor is present at a 
ratio of 1 x 10E-1 2 mol decoy per unit of polymerase to 1 x 10E-1 0 mol decoy per unit of 
polymerase persists at a low concentration throughout the nucleic acid amplification reaction. 

21 . The method of any one of claims 19 or 20 wherein the polymerase 
inhibitor is present in an amount that inhibits substantially all of the polymerase inhibitor. 

•25- 
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22. The method of any one of claims 19-21 farther comprising detecting the 
presence or absence of any nucleic acid produced by the nucleic acid amplification reaction. 

23. The method of claim 22 further comprising quantifying the amount of any 
nucleic acid produce in the nucleic acid amplification reaction. 

24. The method of any one of claims 19-23 wherein the polymerase inhibitor 
is not displaced from the polymerase enzyme by a primed target nucleic acid. 

25 A kit for inhibiting a nucleic acid polymerase comprising the polymerase 
inhibitor of any one of claims 1-16. 

26. The kit of claim 25 further comprising one or more additional reagents for 
carrying out a nucleic acid amplification reaction. 
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/ FIG. 2.\r< 



e duplex decoys 



5' 
5* 



GCTGTCTGGTCCGTTATTATAC-P04 
GCTGTCTGGTCCGTTATTATAC- P04 
GCTGTCTGGTCCGTTATTATACdd 

GCTGTCTGGTCCGTTATTATAC- Biot in 
3' ddCCAGGCAATAATATG 
3 » ddCAGGCAATAATATG 
3 1 ddCAATAATATG 
3 1 ddCAGGCAATAATATGGTCTGTCG 
3 * ddCCAGGCAATAATATGGTCTGTCG 



MM308 (o-methyl) 

MM309 

MM317 

CL085 

MM312 Tm=45° 
MM311 Tm~40.5° 
MM310 Tm«24.3 D 
SCJ091 
MM338 



5 1 -GCTGTYTGGTGXGTTAYTATAC-Biotin 
5 ' -GCTGT YTGGTGXGTTAYT ATAC- PO 4 

ddCYCAATXATATG-5 9 
ddCACYCAATXATATG-5 • 
ddCCACYCAATXATATG-5 1 



CL077 
CL062 
CL063 

CL064/CL078 
CL065/CL07 9 



Tm= 
Tm- 



50 
55 



5 ' -GCTGTYTGGTAXGTTAYTATAC-P04 
ddCATYCAATXATATG-5 ' 



CL091/CL100 
CL092/CL101 
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A) 



5'X- 



Primer A 



5' 



Template 



Primer B 



X5* 



Jt>) Primer A 



5 r X- 
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- — — ■ Template 

< X5» 



C) Primer A-EX 

5'X _ „ z 

Z — + X 5' 

Primer B-EX 



p\\ Primer A-EX 

V) 5 . x ^ 

* ^ X5 ' 

Primer B 

5'X PnmerA . 

Z < -X5' 

Primer B-EX 
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A.) Primer A 
' 5'X ► 



B) 



Primer B 



X5 f 



Primer A-EX 
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X5' 



Primer B-EX 
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